Introduction
Sleeve gastrectomy is gaining wide acceptance as the procedure of choice surpassing RYGB [1] . Several reports have shown an increase in de novo reflux, as well as worsening of pre-operative reflux in some patients [2] [3] [4] . Management of this problem is usually medical with proton pump inhibitors (PPI). After medical management, conversion to RYGB is usually recommended for severe reflux that is uncontrolled medically [5] . With our experience in placing the LINX ® system for managing reflux in non-obese patients, we decided to offer this procedure to one of the patients who had been suffering from severe uncontrolled reflux after sleeve gastrectomy. The patient had failed medical management over a two-year period and did not want to have conversion of her SG to RYGB. The patient did not have dilation of her gastric pouch. The LINX ® system (Torax Medical, Inc., Shoreview, MN, USA)
was approved by the FDA in 2012 for the treatment of refractory esophageal reflux by using magnetic beads to augment the lower esophageal sphincter. This system was introduced as an alternative to the traditional Nissen fundoplication technique in controlling the esophageal reflux [6, 7] . This case has been reported in line with the SCARE Group [8] .
Presentation of case
A 25-year-old female presented to our office two and half years after having SG in September 2013 at another institution. The patient's initial weight before the SG was 282 lbs. with a BMI of 54.2 kg/m 2 . She had a history of reflux before her SG surgery. The patient lost 109 lbs. with total percent excess BMI loss (%EBL) of 96.2%. Her reflux, however, did not improve with this great weight loss in spit of intense medical management using double dose PPI for over two years. At the time of her presentation, unfortunately, her reflux became worse and her quality of life score. using the GERD-HRQL symptom severity instrument, increased from 30/75 before the SG to 64/70 after surgery [9] . Her weight was 173 lbs. and her BMI was 27.9 kg/m 2 . Her pre-operative upper gastro-intestinal contrast study (UGI) showed a small hiatal hernia with reflux ( Fig. 1 ). There was no dilatation in the proximal gastric pouch. Her upper endoscopy with a Bravo pH capsule (GIVIN imaging, Duluth, GA) showed esophagitis with small hiatal hernia. Her pH DeMeester score was 66.6 (normal <14.7). Her esophageal motility was normal. The patient was offered the placement of the LINX ® system to augment the lower esophageal sphincter pressure and to prevent the transient lower esophageal sphincter relaxation (TLESR) along with repair of the small hiatal hernia. She was advised about the novelty of this approach and that there were no reports of this procedure being done after SG in the United Stats so far. She was also advised that the normal management of her reflux problem would be by a conversion of the SG to RYGB. Other bariatric surgeons had offered her this option and she had declined it. Because the patient did not have dilation in her proximal gastric pouch, she could not be a candidate for the use of such gastric dilation as an anterior fundoplication to correct her reflux. In February 2015 the patient underwent laparoscopic repair of the small hiatal hernia and placement of the LINX ® system. The operation went without any intra-operative or post-operative complications. The operative time was 47 min. The hospital stay was one day. Her post-operative UGI showed no reflux (Fig. 2) . Ten days after the procedure the patient's HQOL score went down to 7/70 and she had stopped the use of PPI completely. There were no 30-day or 90-day post operative complications. In June 2015, her repeat UGI showed no reflux. A recent follow up of the patient one year post-LINX ® placement showed continued resolution of her symptoms. The patient was very happy with her results, however, she refused to repeat the upper endoscopy or allow re-measurement of her DeMeester score.
Technique
The procedure was done using the same trocars positioning as with the SG. There were four trocars and five incisions. Lysis of adhesions was done over the proximal stomach and the esophagus. The crura of the diaphragm were exposed. The small hiatal hernia was identified and repaired using 0-Ethibond sutures to allow the hiatus to accept a 60 fr. bougie. The bougie was then removed to be able to size the esophagus without any stretching. The posterior vagus nerve was identified and the LINX ® system's sizer was placed between the posterior vagus nerve and esophagus. It was very important to not to stretch the esophagus. In addition, there could not be any tubes inside the esophagus as this would preclude accurate measurement of the esophagus at a resting state. The measurement was repeated several times to assure accuracy and prevent placement of the wrong size device. A 14 mm LINX ® device was then selected and introduced into the abdomen through the LUQ 10 mm trocar site. The LINX ® system was placed around the esophagus anterior to the posterior vagus nerve and buckled in place to augment the lower esophageal sphincter pressure, hence, control the esophageal reflux (Fig. 3) . A video of the technique can be viewed at: https://www.youtube.com/watch?v=fjC0r88zz54
Discussion
In patients who develop de novo reflux, some dilation in the proximal gastric pouch may be present and may be blamed for the development of reflux. In others, however, there is no dilation of the proximal gastric pouch where the weakening of the lower esophageal sphincter or the TLESR is the only reason for the development of their de novo reflux [5, 10, 11] . The presence or development of a hiatal hernia may be a contributing factor as well. Until now, managing such patients has been through conversion of the SG to RYGB [12] . In patients who develop dilation in the proximal gastric pouch; however, the senior author (AH) has performed an anterior fundoplication as an alternative method to the conversion to RYGB to correct both the dilated gastric pouch and the reflux problem with excellent results [13] . At the time when we did this procedure, there were no reports on management of this problem using the LINX ® system in the bariatric literature. Later, however, in July 2015, the BenDavid group in Florida reported online [14] a series of such procedures in managing their patients' reflux after SG with the LINX ® system with good results. Their follow up, however, was only 2-4 weeks' post-surgery. The use of the LINX ® device in patients who develop reflux after SG are encouraging, as patients are able to avoid being converted to RYGB. In the last two months of 2015 we performed this procedure on three additional patients with same good short term results.
Conclusion
Until recently, patients who developed reflux after sleeve gastrectomy or suffered from worsening of their reflux had no other option to treat their condition except by conversion of their SG into RYGB. In our patient, the LINX ® system controlled the symptoms of reflux after SG. It is a safe operation with a relatively short operative time and minimal complications if any. The ability of keeping the SG without conversion to RYGB should be an option for these patients who suffer from uncontrolled reflux after SG. To our knowledge, this is the first case report in the literature that addresses the treatment of severe uncontrolled reflux after sleeve gastrectomy using a new device with one year follow up.
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